Abstract. Long non-coding RNA (lncRNA) has been implicated in various types of human cancer. However, the role of lncRNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) in gastric cancer remains unclear. In the present study, MALAT1 expression was significantly upregulated in gastric tumors compared with adjacent healthy tissue in patients with gastric cancer. Furthermore, MALAT1 plasma expression was higher in patients with gastric cancer compared with healthy controls and was found to have prognostic and diagnostic value independent of patients' lifestyle choices. Cell proliferation assay and Transwell migration and invasion results indicated that the overexpression of MALAT1 resulted in increased proliferation, migration and invasion of gastric cancer cells in vitro, possibly through activation of the phosphoinositide 3-kinase/protein kinase B pathway.
Introduction
Gastric cancer is the third leading cause of cancer-associated mortality world-wide (1) . Numerous genetic factors have been implicated in gastric cancer (2) and a strong correlation has been identified between the activation of certain oncogenes, mutations in tumor suppressor genes and abnormal expression of key proteins and the initiation, development and progression of the disease (3) . Surgical resection is the current gold standard curative therapy for gastric cancer (4) . While radiation and chemotherapy have been developed, there is a requirement for safe and effective treatment strategies to decrease the mortality associated with the disease (4) . It is often difficult to diagnose gastric cancer in the early stages of the disease, and the majority of patients are diagnosed in the advanced stages (5) . However, early diagnosis and treatment can improve patient outcomes.
The development of diseases can lead to changes in plasma composition (6) and there has been an increased interest in the identification of plasma biomarkers which can be used in the diagnosis of various human diseases including cancer (7, 8) . Long non-coding RNAs (lncRNAs) are a group of non-coding RNAs formed by >200 nucleotides (9) . It has been well accepted that lncRNAs participate in almost every aspect of all critical biological processes in the human body (10) . Several lncRNAs have been found to serve essential roles in the development of different types of human cancer (11) . Furthermore, circulating plasma lncRNAs have been used for prognostic and diagnostic evaluation of several diseases (12) . lncRNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expression is upregulated in several malignancies (13, 14) , emphasizing its potential role as a diagnostic indicator for these diseases. For example, overexpression of lncRNA MALAT1 is significantly correlated with poor prognosis in colorectal cancer (13) and malignant gliomas (14) . Two previous studies also reported the overexpression of lncRNA MALAT1 in gastric cancer (15, 16) . However, the function of lncRNA MALAT1 in gastric cancer has not been elucidated.
In the present study, the expression of MALAT1 in tumor tissues and adjacent healthy tissues in patients with gastric cancer was investigated. The expression of lncRNA MALAT1 in plasma of patients with gastric cancer and healthy controls was also compared. Furthermore, the diagnostic and prognostic values of plasma MALAT1 for gastric cancer were investigated. Additionally, the interactions between MALAT1 overexpression and the phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway were also explored. To the best of our knowledge, the current study is the first to report the interactions between MALAT1 overexpression and the PI3K/AKT pathway in gastric cancer. There were no significant differences in age, sex and other basic information between the patient group and control group. All patients were followed up for 5 years after discharge. This study was approved by the Ethics Committee of The Second Hospital of Shandong University. Written informed consent was obtained from all patients prior to enrolment. All experiments were performed in accordance with The Declaration of Helsinki.
Materials and methods

Patients
Plasma preparation. A blood sample (100 ml) was collected from each paticipant in the morning and transferred to anticoagulant tubes. Samples were centrifuged at 1,275 x g for 10 min at room temperature to separate the plasma which was removed and stored at 4˚C until use. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from tumor tissues, adjacent healthy tissues, plasma and cultured SNU-1 and AGS cell lines using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). RNA quality was tested by NanoDrop™ 2000 Spectrophotometer (Thermo Fisher Scientific, Inc., Wilmington, DE, USA). Only RNA samples with a A260/A280 ratio between 1.8 and 2.0 were subjected to synthesize cDNA using SuperScript IV Reverse Transcriptase (Thermo Fisher Scientific, Inc.), under the following conditions: 25˚C for 5 min, 52˚C for 30 min and 80˚C for 10 min. qPCR was performed using SYBR ® Green Real-Time PCR Master Mix (Thermo Fisher Scientific, Inc.). The following primer pairs were used for the qPCR reactions: 5'-CAG TGG GGA ACT CTG ACT CG-3' (forward) and 5'-GTG CCT GGT GCT CTC TTA CC-3' (reverse) for MALAT1; 5'-GAC CTC TAT GCC AAC ACA GT-3' (forward) and 5'-AGT ACT TGC GCT CAG GAG GA-3' (reverse) for β-actin. The thermocycling conditions used were as follows: 95˚C for 45 sec, followed by 40 cycles of 95˚C for 25 sec and 60˚C for 40 sec. Data were processed using 2 -ΔΔCq method (17) Cell counting kit-8 (CCK-8) assay. The CCK-8 assay (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was used to evaluate cell proliferation. Briefly, 100 µl of cell suspension containing 5x10 3 cells was transferred to each well of a 96-well plate. Cells were cultured in an incubator under normal conditions (37˚C, 5% CO 2 ), and 10 µl of CCK-8 solution was added into each well after 12, 24, 48, 72 and 96 h of cell culture. After incubation under the same conditions for another 4 h, optical density values at 450 nm were measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Cell migration and invasion assays. A total of 5x10
4 SNU-1 and AGS cells were transferred to the upper chambers of Transwell plates (BD Biosciences, San Jose, CA, USA) in serum-free RPMI-1640 medium. RPMI-1640 medium (Thermo Fisher Scientific, Inc.) containing 20% fetal calf serum (Sigma-Aldrich; Merck KGaA) was used to fill the lower chamber. Following incubation for 24 h at 37˚C, the migrated cells were stained with 0.5% crystal violet (Sigma-Aldrich; Merck KGaA) for 15 min. Five visual fields were randomly selected and stained cells were then counted under an optical microscope (Olympus Corporation, Tokyo, Japan). In the cell invasion assay, the upper chamber was pre-coated with Matrigel (cat. no. 356234, EMD Millipore, Billerica, MA, USA) overnight at room temperature.
Western blotting. Total protein was extracted from cultured cells of SNU-1 and AGS cell lines using cell lysis buffer (cat. no. 9803; Cell Signaling Technology, Inc., Danvers, MA, USA). Total protein was quantified using a bicinchoninic acid assay and 50 µg protein/lane was separated via SDS-PAGE on a 10% gel. The separated proteins were subsequently transferred onto a polyvinylidene difluoride membrane which was then blocked for 1 h at room temperature with 5% skimmed milk (Sigma-Aldrich; Merck KGaA). Membranes were incubated with primary antibodies against PI3K (1:2,000; cat. no. ab5451; Abcam, Cambridge, UK), p-PI3K (1:2,000; cat. no. ab182651; Abcam), AKT (1:2,000; cat. no. ab126811; Abcam), p-AKT (1:2,000; cat. no. ab18206; Abcam) and GAPDH (1:1,000, cat. no. ab9485; Abcam) overnight at 4˚C. After washing, membranes were incubated with a horseradish peroxidase-labeled secondary antibody (1:1,000; cat. no. MBS435036; MyBioSource Inc., San Diego, CA, USA) for 2 h at room temperature. After washing, protein bands were detected using ECL™ Detection Reagents (Sigma-Aldrich; Merck KGaA). This experiment was performed in triplicate and protein expression was quantified using ImageJ 1.46 software (National Institutes of Health, Bethesda, MD, USA) with GAPDH as the loading control.
Statistical analysis. SPSS software (version 19.0; IBM Corp., Armonk, NY, USA) was used. Normal distribution data were expressed as mean ± standard deviation, and comparisons between two groups were performed by t-test. Comparisons among multiple groups were performed by one way analysis of variance, followed by Tukey test. Non-normal distribution data were analyzed by non-parametric Mann-Whitney U test. Effects of patients' basic information on expression of MALAT1 cancer were analyzed by Chi-square test and Bonferroni's correction. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of plasma levels of MALAT1 for gastric cancer. Patients were divided into high MALAT1 expression group and low MALAT1 expression group according to the median plasma level of MALAT1 (n=32). Survival curves were plotted using Kaplan-Meier method and compared by log-rank test. Pearson correlation analysis was performed to analyze the correlation between plasma levels of MALAT1 with the expression levels of MALAT1 in tumor tissues and adjacent healthy tissues. A P<0.05 was considered to indicate a statistically significant difference.
Results
MALAT1 expression is upregulated in tumor tissues
compared with adjacent healthy tissues. The expression of MALAT1 in tumor tissues and adjacent healthy tissues in all 64 patients with gastric cancer was studied. Expression levels of MALAT1 were significanly higher in tumor tissues than in adjacent healthy tissues in 59 out of 64 patients with gastric cancer (Fig. 1) . This suggested that upregulated expression of MALAT1 is likely involved in the development of gastric cancer.
Plasma MALAT1 expression has diagnostic and prognostic value in gastric cancer. The expression of MALAT1 in plasma of patients with gastric cancer was significantly higher than in healthy controls (P=0.0154; Fig. 2A ). In addition, Pearson correlation analysis revealed that plasma levels of MALAT1 were positively correlated with the expression levels of MALAT1 in tumor tissues (r=0.8745; R square=0.7647; P<0.0001; Fig. 2B ), but not with the expression levels of MALAT1 in adjacent healthy tissues (r=0.1615; R square=0.02608; P=0.3774; Fig. 2C ). ROC analysis was performed to analyze the diagnostic value of plasma MALAT1 for gastric cancer. The area under the curve was 0.8984 with a 95% confidence interval of 0.8465-0.9504 (P<0.0001; Fig. 2D ), indicating that plasma MALAT1 can be used to accurately predict gastric cancer. Patients were divided into high MALAT1 expression group and low MALAT1 expression group according to the median plasma level of MALAT1 (n=32). Survival curves were estimated using the Kaplan-Meier method and were used to evaluate the prognostic value of plasma MALAT1 for gastric cancer. Patients with high plasma level of MALAT1 had significantly shorter survival compared with patients with a low plasma level of MALAT1 (P<0.0214; Fig. 2D ), indicating that the plasma level of MALAT1 may serve as diagnostic and prognosic indicator of gastric cancer.
Association between MALAT1 expression level and basic information of gastric cancer patients. It has been reported that the expression of lncRNAs can be affected by lifestyle choices including vegetarianism, smoking and drinking (14) . This may influence the diagnostic and prognostic values of specific lncRNA for certain diseases. In view of this, effects of patients' basic information on expression of MALAT1 in gastric cancer were analyzed by Chi-square test. Data were subjected to Bonferroni's correction. MALAT1 expression levels in plasma (Table I ) and tumor tissues (Table II) were not significantly affected by sex, age, smoking, drinking and vegetarianism. However, expression levels of MALAT1 were significantly higher in patients with tumor metastasis than in patients without tumor metastasis. This data suggested that plasma MALAT1 levels can accurately diagnose gastric cancer in patients with different lifestyle choices as well as provide an indication of the severity of the disease.
Effects of MALAT1 overexpression on the proliferation, migration and invasion of the gastric cancer cell lines SNU-1 and AGS.
Gastric carcinoma and gastric adenocarcinoma are two major types of gastric cancer (1). Therefore, both the gastric carcinoma cell line SNU-1 and gastric adenocarcinoma cell line AGS were included in the current study. Effects of MALAT1 overexpression on the proliferation, migration and invasion of these two gastric cancer cell lines were assessed by the CCK-8 assay, Transwell cell migration assay and Transwell cell invasion assay. After transfection, MALAT1 overexpression was achieved in cells of both cell lines (Fig. 3A) . MALAT1 overexpression significantly increased proliferation compared with control untransfected cells (P<0.05; Fig. 3B) . Furthermore, the migratory (Fig. 3C) and invasive (Fig. 3D) abilities of both SUNP-1 and AGS cell lines were significantly increased with MALAT1 overexpression (P<0.05), compared with the NC group. These results indicated that MALAT1 expression can increase proliferation, migration and invasion of both gastric carcinoma cells and gastric adenocarcinoma cells.
Effects of MALAT1 overexpression on the PI3K/AKT pathway.
Effects of MALAT1 overexpression on the PI3K/AKT pathway were investigated in the current study. MALAT1 overexpression had no effect on the expression levels of total PI3K and AKT in both the gastric carcinoma cell line SNU-1 (Fig. 4A ) and gastric adenocarcinoma cell line AGS (Fig. 4B) . However, compared with the control cells and negative control cells, levels of p-PI3K and p-AKT were significantly increased in cells with MALAT1 overexpression (Fig. 4) . This suggested that MALAT1 can promote the progression of gastric cancer by increasing the phosporylation level of PI3K and AKT, but not by increasing their total expression levels.
Discussion
The results obtained in the current study confirm previous reports of the overexpression of lncRNA MALAT1 in gastric cancer (15, 16) . Additionally, the present study explored the use of plasma MALAT1 as a diagnostic and prognostic marker in the disease. The results obtained provided evidence for the interactions between lncRNA MALAT1 and the PI3K/AKT pathway in gastric cancer, in addition to plasma MALAT1 serving as potential prognosic and diagnostic biomarker for gastric cancer.
The development of gastric cancer is a complex process and various internal and external factors are involved (3). During the past several decades, genetic factors have been demonstrated to serve pivotal roles in almost every aspect of gastric cancer (3) . Despite an increased understanding of the nature of gastric cancer, the underlying pathogenesis of this disease has not been fully elucidated, leading to ineffective treatment and poor diagnosis of the disease (1). Development of gastric cancer is accompanied by changes in the expression levels of certain lncRNAs, and the abnormal expression of these lncRNAs serves different roles in the progression of the disease (18,19) . lncRNA H19, imprinted maternally expressed transcript (H19) a well-studied lncRNA with oncogenic functions in various types of human cancer, is overexpressed in gastric cancer, and upregulated H19 expression has been found to promote carcinogenesis and metastasis (18) . By contrast, lncRNA HMlincRNA717 (gastric cancer associated transcript 2) is downregulated in patients with gastric cancer, indicating its role as a tumor suppressor (19) . lncRNA MALAT1 expression has been reported to be upregulated in several types of malignancy including colorectal cancer (13), glioma (14) and gastric cancer (15, 16) . Consistent with previous studies, the expression level of MALAT1 was significanly higher in tumor tissues compared with adjacent healthy tissues in 59 out of 64 patients with gastric cancer in the current study. Plasma MALAT1 was also significanly higher in gastric cancer patients compared with healthy controls, indicating that MALAT1 overexpression is involved in the development of gastric cancer.
The results of the current study indicated that MALAT1 may be an effective diagnostic marker for gastric cancer. In addition, patients with gastric cancer who had a higher expression level of plasma MALAT1 exhibited significantly shorter survival compared with patients with lower expression level of plasma MALAT1, indicating that plasma MALAT1 is a promising prognostic marker for gastric cancer. However, lncRNA expression can be induced or regulated by an individual's lifestyle. For example, expression of lncRNA SCAL1 can be induced by smoking (20) . Therefore, the effects of patients' lifestyle choices on the expression level of plasma MALAT1 were investigated in the current study. Sex, age and lifestyle choices including smoking, drinking and vegetarianism showed no significant effects on the expression level of MALAT1. However, expression levels of MALAT1 were significantly increased in patients with tumor metastasis compared with patients without tumor metastasis.
lncRNA MALAT1 serves different roles in different types of human cancers. In the study of colorectal cancer, Yang et al (21) found that MALAT1 promoted tumor development and progression by increasing the proliferation, migration and invasion abilities of tumor cells, indicating its oncogenic role in this disease. By contrast, downregulation of lncRNA MALAT1 was found to be responsible for the induction of epithelial-to-mesenchymal transition in breast cancer (19) , suggesting that lncRNA MALAT1 can also serve a tumor suppressor role in breast cancer. A previous study has reported that MALAT1 promoted the proliferation of gastric cancer cells (15) . In the present study, MALAT1 overexpression significantly promoted the proliferation, migration and invasion of both the gastric carcinoma cell line SNU-1 and the gastric adenocarcinoma cell line AGS, indicating that MALAT1 serves an oncogenic role in gastric cancer by promoting cancer cell proliferation, migration and invasion. It has been previously reported that lncRNA MALAT1 interacts with the PI3K-AKT pathway (22) . In the current study, MALAT1 overexpression activated the PI3K-AKT pathway in both the gastric carcinoma cell line SNU-1 and the gastric adenocarcinoma cell line AGS by promoting the phosphorylation of PI3K and AKT. This suggests that lncRNA MALAT1 can promote the development and progression of gastric cancer by activating the PI3K/AKT pathway.
While the current study highlights the importance of lncRNA MALAT1 in gastric cancer, it has certain limitations. Factors such as working habits, which can have a significant effect on cancer development (23), were not included. Such factors will be included in future studies. Although representative, the present study was limited by a relatively small sample size. Further studies with larger sample sizes are required to confirm the data obtained in this study. The current study revealed a potential interaction between MALAT1 and the PI3K-AKT pathway in gastric cancer, which is a novel finding. However, whether the interaction between MALAT1 and PI3K-AKT is direct or indirect is unknown. Our future studies will aim to establish the pathways involved.
The current study failed to analyze the correlations between expression levels of lncRNA MALAT1 with PI3K and AKT due to the limited resources. Future studies will attempt to include this analysis. Although the current data partially overlap with the data presented in a previous study (16) , it revealed a new signaling pathway involvled in the MALAT1-mediated behaviors of gastric cancer cells. It is known that lncRNA MALAT1 participate in cancer biology by interacting with different pathways, including histone-lysine N-methyltransferase EZH (24) and extracellular-signal-regulated kinase/mitogen activated protein kinase (25) pathways. However, those pathways failed to repond to the overexpression of MALAT in gastric cancer cells (data not shown), indicating that MALAT1 may participate in different types of cancer by interacting with different pathways.
In conclusion, MALAT1 expression was significanly upregulated in tumor tissues compared to adjacent healthy tissues in the majority of the patients with gastric cancer studied. MALAT1 plasma levels were significantly increased in patients with gastric cancer compared with healthy controls. MALAT1 overexpression significantly promoted the proliferation, migration and invasion of gastric cancer cells and activated the PI3K/AKT pathway. Therefore, MALAT1 overexpression may promote the proliferation, migration and invasion of gastric cancer cells by activating the PI3K/AKT pathway and may guide the development of novel strategies for the treatment of gastric cancer.
